Freshwater mussels have decreased dramatically in Iberia over the last decades. These animals are responsible for important ecosystem services such as recycling nutrients and improving water clarity. Under this view a better knowledge on the biological features of these animals is extremely important for future conservation and management actions. In this study the reproductive and gametogenic cycle of Anodonta anatina were studied during 2 years in one population as well as the sex ratio and hermaphroditism in six distinct populations, using standard histology. Gametogenesis was continuous in both sexes and germinal epithelium in early stages of development. Gametes were present throughout the reproductive cycle. Oogenesis and spermatogenesis occurred mainly between January and May. Larvae brooding occurred between September and March and main glochidia discharge occurred over a short period (2-3 weeks) in March. For the sex-ratio and hermaphroditism assessments a variable number of individuals were collected from several populations from lakes and rivers. Previous studies described A. anatina as mainly dioecious with only a few populations presenting occasional hermaphroditism. However, the present study indicates that A. anatina sexual behavior is influenced by environmental conditions, being mainly dioecious in rivers with increased hermaphroditism in standing waters. Although selffertilization was not confirmed, additional studies with molecular characterization of larvae using fast evolving markers should be used in future studies to enlighten this process. Overall, this study indicates that for more efficient conservation actions and management plans, freshwater mussel reproductive biology should be studied at the population level mainly in the subfamily Anodontinae.
Freshwater mussels (Bivalvia, Unionoida) are among the most critically threatened faunal groups globally (Neves et al., '97; Lydeard et al., 2004; Simberloff, 2012) . The consequences of this catastrophic decline go far beyond the loss of species per se since freshwater mussels are responsible for critical trophic and nontrophic functions (Vaughn, 2010; Allen and Vaughn, 2011) . In most European species very few studies have been done, either on the distribution and population structure but also on the study of their basic life cycle traits. This situation may be related with the complex and distinct life-history patterns of each species. Recently, biologists have made the first attempts to organize the life-history strategies of freshwater mussels into conceptual frameworks (Bauer and Wächtler, 2000; Dillon, 2000) . However, the development of these frameworks is hampered by a lack of life-history information for most species, particularly for traits such as age at maturity, growth rate, longevity and fecundity (Strayer et al., 2004 ). This information is vital for the generation of testable hypotheses about the evolutionary, ecological, and management consequences of life-history variation. So, it is of primordial importance to increase fundamental knowledge on basic biology and habitat requirements of each species so that managers can more effectively conserve and manage the mussel fauna.
The reproductive biology of unionoids is distinctive: fertilization is internal and the fertilized eggs form larvae (glochidia) that are brooded in the gills of females until they are released in to the water column. To complete their development into juvenile mussels, they need to parasitize certain host fishes until complete metamorphosis into young adult mussels (Kat, '84) . Recent studies within the subfamily Anodontinae have been carried on the reproduction development on related species (Sereflisan et al., 2009; Lima et al., 2012) to fill that gap of knowledge.
The present study is focused on Anodonta anatina, a freshwater mussel that is still widespread in Europe. Current distribution encompasses the Iberian Peninsula in the Southwest, the Scandinavia in the North and Russia in the East (Graf, 2007) . Although widespread, this species already disappeared from several parts of the continent and is listed as threatened and protected in Germany (Zettler et al., 2006) . In Iberia, all species of native unionoid mussels are decreasing both in number of populations and individuals (Araujo et al., 2009) . These animals are extremely important ecologically serving important ecosystem functions (e.g., biomass transfer from the water column to the benthos, reduction of water turbidity, control of the concentration and composition of suspended particles, nutrient cycling and provision of habitat for other organisms; Vaughn, 2010; Sousa et al., 2011 Sousa et al., , 2012 . All of these facts turn the research on the biological traits (mainly the reproductive characters) of these mussel species crucial for future conservation actions and management. Additionally, recent findings suggest that even host generalists such as Anodontinae mussels may be increasingly limited in their reproductive cycles by the host availability (Douda et al., 2013) . Hence, precise data on the timing of glochidia production and the capability of hermaphroditism may be highly important for assessing the risk of host limitation in the field. Under this view, to increase the knowledge on the reproductive biological traits of A. anatina, the aim of this study was to describe in detail the histology of the sexual (spermatogenesis plus oogenesis) development of A. anatina. In addition, we verified the sex ratio and hermaphroditism from distinct habitats such as rivers, lagoons or impoundments to allow a more detailed evaluation on the sexual strategy of this species. ; all of these animals were also checked to determine the sex ratio. The mussels were transported to the laboratory on ice in a cooler box and processed within 24 hr. In the laboratory, bivalves were anesthetized in 2-phenoxyethanol solution 0.4% (v/v) for about 30 min and dissected for histology. To minimize eventual negative impacts, the number of animals sacrificed was reduced and the seasonal study was made in the larger population of A. anatina in Portugal.
METHODS

Sampling
Histological Procedure
Samples of gonad and gill tissue were excised from each animal and preserved in Bouin's solution (Panreac, Barcelona, Spain). After being preserved in Bouin's solution for a week, transverse sections of the gonads were dehydrated in graded ethanol, embedded in paraffin, sectioned at 5-8 mm and stained with hematoxylin and eosin for histological examination.
The sex was determined visually by the presence of male and female gonad tissue. The maturation level of the gonads was established using the classification stage table of the gamete development index (GDI) adapted from Barber ('96). Gills were observed for identification of the embryonic development periods and to complement sex determination.
Sex Determination
For sex ratio determination, we used a variable number of specimens (15 < n < 32) from the Minho (N 42°03 0 04 00 ; W 8°3 height, width, and number of visible growth lines) were registered. Sex was determined using three criteria: presence of eggs or glochidia within the marsupial gill; observation of tripartite water tubes on the outer gill (Mcivor and Aldridge, 2007) and confirmed by observation of gonad tissue with a microscope. To test whether the sex ratios observed were significantly different from the expected sex ratios of the mussels a chi-square (x 2 ) test was used. The comparison of dioecy and hermaphroditism among river and lagoon/reservoir populations were analyzed by one-way ANOVA followed by a Duncan multiple range test. Both tests were carried using JMP statistical package (SAS Institute, Cary, NC, USA).
Genetic Analysis
To avoid taxonomic uncertainties due to the usual misidentification between A. cygnea and A. anatina, identities were confirmed by genetic analysis. For this, foot tissue samples were collected and placed directly into 96% ethanol. The whole genomic DNA was extracted from small tissue samples pieces (2 mm 3 ) using a standard high-salt protocol (Sambrook et al., '89) . A fragment of approximately 700 bp of the mtDNA cox1 gene was amplified by polymerase chain reaction (PCR) using the primers LCO22me2 (5 0 -GGTCAACAAAYCATAARGATATTGG-3 0 ) and HCO700dy2 (5 0 -TCAGGGTGACCAAAAAAYCA-3 0 ) (Walker et al., 2006 (Walker et al., , 2007 , for all the samples (both species). The PCR conditions (25 mL reactions) were as follows: each reaction contained 2.5 mL 10Â Invitrogen PCR Buffer, 0.5 mL 10 mM of each primer, 1.5 mL 50 mM MgCl 2 , 0.5 mL 10 mM dNTP's, 0.1 mL Invitrogen Taq DNA Polymerase and approximately 100 ng per mL DNA template. The cycle parameters were: initial denaturation at 94°C for 3 min, denaturation at 94°C (30 sec), annealing at 48°C (45 sec), and extension at 72°C (45 sec) repeated for 35 cycles and a final extension at 72°C for 5 min. Amplified DNA templates were sequenced, for three individuals of each population by a commercial company-Macrogen Europe, Amsterdam, The Netherlands. Chromatograms were checked by eye using ChromasPro 1.41 (technelysium.com.au). The sequences were aligned with ClustalW using Bioedit v. 5.0.9. (Hall, '99) and adjusted manually, resulting in a final alignment of 590 bp. Two additional sequences from both species A. anatina and A. cygnea, plus the genetically close species, Pseudanodonta complanata available in GenBank were incorporated into our analyses (Table 1 ). All the new sequences obtained in this study were submitted to GenBank (Table 1) .
To describe the diversity of DNA sequences, basic descriptive statistics and genetic diversity parameters, namely haplotype diversity (h), nucleotide diversity (p), and characterization of polymorphic sites were calculated using the software DnaSP v5.00.04 (Librado and Rozas, 2009 ). The parameters of genetic similarity and distances of the compared sequences were estimated according to the observed variation (p-distance) using MEGA 5 software (Tamura et al., 2011) . The same program was used to estimate their evolutionary relationships, that is, we used neighbor-joining (NJ) analysis with random sequence addition (10 replicate heuristic searches) with the support for nodes being estimated using the bootstrap technique with 1,000 replicates. Additionally, and in order to reduce the costs, the remaining individuals collected (n ¼ 225) were subject to a PCR-based molecular identification key (PCR/RFLP analysis) following Gerke and Tiedemann (2001) : a fragment of the ITS-1 region was amplified and the PCR products were then incubated with the HinfI restriction enzyme for a period of at least 6 hr.
RESULTS
General Structure of the Gonads
The gonads of A. anatina are enclosed in the foot and involving the glandular digestive tissue and the gut. It is a diffuse organ, consisting of highly branched acini surrounded by connective and muscular tissue, which may vary in density according to the gamete development stage. Four types of gonad structure were identified in A. anatina, three for rivers and one for standing waters, according to their size and histology. In the first type of gonad (Type I), the ovarian acini dominated significantly, the mussel were functionally female and the male tissue was not observable. In the second type of gonad (Type II), the male acini dominated significantly, and the mussel were functionally male. Intensive spermatogenesis was observed, whereas female tissue was not detectable. In the third type of gonad (Type III, , ) <), the demarcation of the two sexual acini was easily discernible microscopically ( Fig. 2) . Female acini clearly predominated over male and was arranged in independent acini, whereas iridescent white male tissue was located among the female acini but as a separated acinus. In this type of gonad, hermaphroditism was not simultaneous but specimens were predominantly female. The fourth type (Type IV, , % <), occurred only in Azibo impoundment and Fermentelos lagoon where gonads contained both eggs and spermatozoa. Detailed observations showed that hermaphroditic condition was in balance, with equal proportions of separate male and female acini (Fig. 2) .
Demibranchs
Ninety-six percent of individuals with type I gonad females and type III gonad hermaphrodites from Tâmega, Mondego, and Guadiana rivers either were gravid or presented tripartite marsupial outer demibranchs. In the remaining 3%, additional water tubes either were not present or were not detected. All type IV gonad hermaphrodites also presented tripartite marsupial outer demibranchs.
Gametogenesis and Reproductive Cycle
A careful study of sections revealed that different gonad acini from the same organism may exhibit different degrees of development and when comparing different organisms this variation was even more evident, being difficult the establishment of the static gametogenic stages. The description of the (GDI) classification stages (Table 2) were based on the majority of observed cases in the respective time period, which may be broader than a month, since these transformations were gradual. Gametogenesis was continuous in both sexes, since germinal epithelium in early stages of development of gametes was always present; no inactive stages were found during the study. Intense maturation and posterior elimination of both female and male gametes occur progressively from February to June; in hermaphrodite organisms the maturation of both acini is lagged with the male gonad tissue developing first. Gravid females were collected from September to March. Glochidia from this species need a long time of maturation in the gill, being the main release discharge from February to March.
Oogenesis
The oogenesis of A. anatina (Fig. 3 ) was mainly divided in five continuous stages that occur consecutively: (i) oogonia; (ii) previtellogenic oocytes; (iii) early oocytes; (iv) oocytes; and (v) mature oocytes. Maturation period goes from winter to spring, without any resting period being less active in the other months (Table 2 ). In the females, all developmental stages were present in the winter and beginning of spring and oogenesis was intense. In fact, in January, the ovarian acini were well-ordered, being located radially around the distal genital ducts. (i) Oogonia cells ( Fig. 3a) were present in the female acini of A. anatina throughout the reproductive cycle. Spherical oogonia which are located among the stroma, had a diameter between 10 and 20 mm, presenting dispersed chromatin, basophilic nucleus and acidophilic cytoplasm. As oogonia grow they develop into previtellogenic oocytes (Fig. 3b). (ii) At the previtellogenic oocytes stage, the nucleus increased in size. The cells in this stage were generally located at the periphery of the germinal vesicle. (iii) In the early vitellogenic oocytes stage, the cytoplasm was markedly stained with eosin, with diameters varying from 25 to 35 mm. At the same period undifferentiated mesenchyma and eosinophilic granular cells were also abundant on the follicular wall. Connective tissue was always widely distributed between acini. The vitellogenic oocytes (Fig. 3d) were located in the center of the lumens acinus. The nucleus of vitellogenic oocytes consists of many nucleoli and continue to enlarge, becoming very irregular in shape; length can vary between 55 and 80 mm. This stage was mainly observable at the end of spring and beginning of summer. The fully grown oocytes were intensely eosinophilic ( Fig. 3c and d ) and the nucleus was located in the center of the oocytes. (iv) At the oocytes stage the nucleus showed a significant number of projections into the cytoplasm (ooplasm), and its membrane was highly coiled in the sections. The nuclear membrane disintegrated, the nucleus was smaller in size, and the nucleoli were smaller than the previous stage and hardly distinguishable in the nucleus. Each oocyte, at the beginning of cytoplasmic growth, was attached by an egg stalk to the walls of the oogenic acinus, the respective eggs retained their attachment to the germinal epithelium by the same basal stalk (Fig. 3d) until an advanced stage of development when they move to the lumen before spawning. (v) The ovaries reached their maximum gravid stage in May and June. At this time they were filled with fully grown mature oocytes (eggs) and the interacinar space was minimal. After the onset of spawning, July to September, the eggs were loosely arrayed and the acini were less crowded, moving into the ciliated gonoduct. This event last through the spawning season, during the end of summer and autumn months. At the end of the breeding period, in November, all the mussels had spent gonads containing few or no oocytes and the gonad tissue was fairly reduced and almost totally replaced by connective tissue; the acini were in degenerative state presenting numerous undifferentiated cells. In the winter gametogenesis restarts.
Spermatogenesis
The spermatogenesis had the same continuous pattern as seen in females occurring all year although it was more evident during winter and spring ( Table 2 ). The different stages were more difficult to follow since distinct stages were generally found in the same organism or acinus simultaneously, but four main stages of development can still be determined (Fig. 4) : (i) spermatogonia; (ii) spermatocytes; (iii) spermatids that may be organized in clusters forming spermatid morulae; and (iv) spermatozoa which are the mature gametes, developing only under suitable environmental conditions. The spermatozoa have a rod shape and flagellum, being this visible mostly in fresh samples; this last stage is very short in time. The early stages and spermatid morulae were always present through the year. Spermatogenesis in male A. anatina had the same continuous pattern seen for the females. Additionally, the testes contained sperm at various stages of development with clusters of spermatocytes and spermatids along the male follicular wall. The testicular acini were neat and regularly arranged in winter months. (i) Spermatogonia cells were present in the male acini of the A. anatina throughout the reproductive cycle. Spermatogonia were oval and the largest cells ( Fig. 4b-d) , growing out of the acini wall and were approximately 6-7 mm in diameter and had relatively little cytoplasm. These cells divided mitotically and formed spermatocytes.
(ii) Spermatocytes were spherical cells with a large homogeneous nucleus ( Fig. 4b and d ). However, they had no visible nuclear membrane and their nucleolus was not clearly detected. Spermatocytes were smaller (4-5 mm) than the spermatogonia and developed into (iii) spermatids, which were darkly stained with hematoxylin and distributed in the middle of the lumen of the acini. They were polyhedral and the nucleus was completely homogeneous. Their recorded diameter was 2-3 mm. The spermatids developed into spermatozoa. (iv) Spermatozoa were smaller than the spermatids and were strongly basophilic with a diameter of 1.5-2.0 mm. Yellow-brown granules were a common feature of the male acini in the end of summer months. Minute yellow-brown granules were also frequently seen in the epithelia of the genital ducts. In May-June these acini contained a quantity of sperm, which in many males was flooding into the genital ducts. It was clear that mature spermatozoa exit a male acinus through a ciliated gonoduct. Sperm morulae, clusters of early spermatids, with 7-10 mm of diameter, were detected through the reproductive cycle in most studied specimens. Males spawned mainly in May extending until August. In October, the acini still contained some mature spermatozoa, but were mainly in a degenerative stage. By November, the male acini were almost empty and spermatogonia were located at the male acinus periphery. The entire male gamete cell line from the spermatogonia to the spermatozoa was present in winter months.
Brooding Cycle of Anodonta anatina
From the end of September to March glochidia can be found in the marsupial gills (outer gill of female and hermaphrodite organisms) of A. anatina. The maturation is gradual from egg to mature glochidia, visible macroscopically by the coloration of the outer gill of females that change from a creamy beige color with early embryos to orange-brown before glochidial parturition. In each sampling period some females contained clusters of early embryos while others brooded glochidia, and even in the same organism both forms could be found, being the majority mainly of one type. The main glochidia discharge is concentrated in a short period of time (2-3 weeks in March). The number of glochidia accumulated is very high and the release is gradual.
Sex Ratio
The sex ratio and hermaphroditism varied among populations (Tables 3 and 4 ) being hermaphroditism significantly (P < 0.05) lower in rivers than in our studied standing waters-the Azibo reservoir and Fermentelos lagoon (in this site all the collected organisms were hermaphrodites). Additionally the difference in the proportions of females and males in the four rivers was significant (P < 0.01) concluding that the rivers (Minho, Sabor, Tâmega, and Guadiana) influence the sex of individuals.
Hermaphroditism
The ratio between female and male tissue in hermaphrodites also varied being highly disproportional (occasional hermaphroditism) in rivers and of similar amounts in standing waters populations.
Genetic Analysis
The COI alignment contained 18 new sequences corresponding to three samples of Anodonta sp. individuals from six localities (Table 1) with 28 variable positions and 14 parsimony-informative ones. Haplotype diversity was high (h ¼ 0.895 AE 0.07), while nucleotide diversity was moderately low (p ¼ 0.01 AE 0.003).
When analyzing all the specimens together with the three outgroups sequences, all the new sequenced individuals grouped together in a single clade with maximum bootstrap support, including the A. anatina sequence from Genbank (Fig. 5) . Both A. cygnea and P. complanata individual sequences cluster outside of this clade. Moreover, the mean overall genetic difference with the A. anatina specimens is only 1% and with a mean genetic distance of 9% to the A. cygnea sequence and 7% to P. complanata. The same result was achieved by the ITS sequences for all the remaining 144 individuals subjected to the PCR/RFLP analysis, presenting all the A. anatina RFLP profile (Fig. 6) . Taking altogether, all the individuals analyzed here are a match to the previous species identification based on morphological characters and are confirmed without any doubts as being A. anatina. Sereflisan et al. (2009) has divided the gonad structure of Anodonta pseudodopsis in three main types. (Type I) Typically female with a high dominance of female tissue, (Type II) typically male with a high dominance of male tissue, and (Type III) hermaphroditic but with a high prevalence of female over male tissue. In the present study a fourth type was described (Type IV) with approximate amounts of female and male acini interspersed in the whole gonad. This fourth type was found in animals only from the standing water populations and it is possibly found in species that use alternative sexual strategies such as in the present study and also in A. cygnea.
DISCUSSION
General Gonad Structure
Reproductive Cycle
A. anatina completes its reproductive cycle in approximately 10 months. The gametogenesis is long as well as the spawning period. Sperm and egg production peak in early spring and spawning occurred synchronously between sexes and relatively soon after gamete production between April and September. In the end of summer a decrease on gonad content occurs followed immediately by a new regeneration of the gonads and the cycle is never completely interrupted. These results are in agreement with what occur in other anodontine species in Europe (Table 5) which generally have long periods of gametogenesis. The reason for the presence of large number of gametes throughout the year and outside the spawning season is not clear, the fate of unspawned gametes is not known, but it seems to be a characteristic among Anodonta species (Heard, '75) . The larvae are accumulated in the outer gills of females from October to March a period similar to the other native European Anodontines. In fact, P. complanata broods glochidia from September to April (Mcivor and Aldridge, 2007) with probable main discharge on late April and Anodonta cygnea from November to March with the main discharge in February to March (Giusti et al., '75) . This fact may implicate a long period of maturation in the marsupial outer gill, having a brooding season of approximately 6 months. In March the release of mature glochidia occurs gradually in clusters but very concentrated in time, 1-to 2 months maximum. However it contrasts with the Table 1 and main text.
invasive species Sinanodonta woodiana which main glochidia discharge period is from February to July in its native tropical home range (Dudgeon and Morton, '83) but shifts up to September in central Europe (Douda et al., 2012) .
Sexual Strategy
The freshwater mussels are generally considered as mainly dioecious (gonochoristic) with only a few species found to be usually hermaphroditic (monoecious or ambisexual) (Kat, '83) . A third type of species may develop a sexual strategy that is dependent on their habitat characteristics, being predominantly hermaphroditic or dioecious accordingly (Bauer, 2001) . Previous studies on A. anatina described this species as strictly dioecious with occasional hermaphroditism (with very low content of male gonad tissue) in some populations (perhaps due to infection of the gonads with trematodes or developmental defects; Kat, '83; Bauer, '88) . However, the present study showed a completely different pattern since our results indicated that A. anatina had a high prevalence of hermaphroditism in standing waters but retaining its mainly dioecious state in flowing rivers and streams; these results are corroborated by Yanovych et al. (2010) which found a hermaphroditic ratio on this species of 37.5 AE 9.9% on Ukrainian water reservoirs. In the same vein, early in the 20th century Weisensee ('16) suggested a correlation between habitat type and reproductive mode for A. cygnea where dioecious individuals occurred predominantly in rivers, while hermaphrodites were encountered mainly in standing waters. In fact, most A. cygnea populations studied from standing or slow moving waters consist mainly of a large proportion of hermaphrodites, a lower proportion of females, and very few males (Franke, '93; Teutsch, '97; personal observation) . The discrepancy between our results and earlier studies with A. anatina may have two distinct explanations: (i) A. anatina from Iberia presents a distinctive sexual strategy than other European studied populations (Bloomer, '36, '39; Franke, '93; Teutsch, '97; Aldridge, '99) , maybe due to its genetics differentiation. This seems unlikely due to the fact that the mean genetic difference between the Iberian A. Figure 6 . RFLP bands after enzymatic digestion of ITS-1 PCR products for adult specimens of A. anatina (Aa) from six populations across Portugal and one A. cygnea as control sample (Ac). For details please see Table 1 and main text.
anatina populations and the Central European ones is only 1.5% (COI) implying that their isolation is still recent and therefore seems unlikely to be the cause of the patterns described here; or (ii) Since A. cygnea preferential habitat is slow flow or standing waters, sampling and population studies are more likely carried on these habitats whereas with A. anatina the opposite pattern prevails. This might bias sexual ratio studies and render the sexual behavior of A. cygnea as mainly hermaphroditic and A. anatina as mainly dioecious. The most long-standing explanation for the development of hermaphroditism in animal populations is that it would increase the reproductive success of individuals found at low population densities (Tomlinson, '66; Ghiselin, '69; Puurtinen and Kaitala, 2002) . This would double the encounter probability with an individual of the "opposite sex." If sperm survival time is short (but further studies are needed on sperm survival and dispersion on these organisms), one might expect, that in a spatially heterogeneous population, dioecious organisms might increase their reproductive success by being more frequently found in dense aggregations (Strayer et al., 2004) . However, the Fermentelos lagoon population has higher densities than those found on most rivers (Lopes-Lima, personal data) so the explanation might reside on the increased available energy to both male and female reproductive function (Locher and Baur, 2002) or on the best dispersion rates of sperm in flowing waters. In fact, Jokela ('96) indicated that A. anatina ranked their energy demands so that allocation to maintenance is the top priority, allocation to reproduction the second priority, and allocation to growth is least important. So, if the availability of nutrients is higher (e.g., in lowland lakes or standing waters) it is expected that both the energy allocation for reproductive function and growth would be maximized. Another interesting fact not studied in the present work but related with sperm dispersion is the possible self-fertilization changes on animals under different flow conditions. Selfing have been suggested by a noticeable higher fertility of sparse populations in Margaritifera margaritifera (Bauer, '87) . The higher proportion of female over male tissue may also indicate that hermaphrodites spend less on male than on female functions and that these spermatozoa may be used for self-fertilization (Kat, '83) . In fact this feature was suggested recently for A. pseudodopsis (Sereflisan et al., 2009 ) and a few laboratory studies were carried by Bloomer ('40 ) that indicate that self-fertilization may occur in the related species A. cygnea. In the present work the different proportion of males and females in distinct rivers and lakes may indicate also that self-fertilization, if present, may also have distinct proportions. Recent molecular techniques on larvae of freshwater mussels using fast evolving markers (e.g., microsatellites) allow for the establishment of multiple parenting (Ferguson et al., 2013) and eventually self-fertilization rates. These techniques should be included in future investigations on eventual changes of self-fertilization depending on the aquatic habitat.
As a conclusion this study established successfully the seasonal reproductive cycle on A. anatina and indicates a possible shift of the previous established sexual strategy from essentially dioecious to a more plastic sexual strategy that may be highly dependent on habitat characteristics. In addition, the information gathered could be a valuable help in future A. anatina conservation since the sexual strategy and reproductive cycle of this species was clearly established for Southern European populations.
